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a  b  s  t  r  a  c  t
The  present  study  was  divided  into  two  main  experiments:  (i)  experiment  1 included  the
evaluation of  apparent  nutrient  digestibility,  pH  and  ruminal  ammonia  concentration,  and
(ii)  experiment  2 investigated  the  nutrient  intake,  growth  performance  and meat  quality
of lambs  fed  diets  containing  replacement  levels  (0, 33, 67  and  100%  in dry matter  basis)  of
soybean meal  by  inactive  dry yeast  (IDY). experiment  1  used  four  rumen-ﬁstulated  entire
male  Santa  Ines  lambs  distributed  in  a  4  ×  4 Latin  square.  experiment  2  used  36  entire  male
Santa Ines  lambs  in a  randomized  block  design  with  four  treatments  and  nine  replicates.  A
quadratic  effect  (P <  0.05)  of IDY  was  observed  on  the apparent  digestibility  of dry matter,
organic matter,  crude  protein,  ether  extract  and  neutral  detergent  ﬁber  corrected  for ash
and  protein.  A  quadratic  effect  of the diet  and  sampling  time  was  observed  (P <  0.05)  on
the concentration  of  ammonia  nitrogen  in  the  rumen.  The  sampling  time  (P  < 0.05)  affected
the ruminal  pH  with  the  data  adjusted  to a quadratic  model.  Growth  performance  was  not
affected  by IDY  in  the  diets.  The  subcutaneous  fat thickness  decreased  linearly  (P  <  0.05)
with  increased  levels  of  IDY  in  the  diet.  The  meat  crude  protein  and  ash  concentration
increased  linearly  (P  < 0.05),  and  the  intramuscular  fat  concentration  decreased  linearly
(P <  0.05)  with  increased  levels  of  IDY  in  the  diet.  IDY can  replace  up  to  100%  of  the  soybean
meal  in  lambs  diets,  with  the  use  of  this  by-product  depending  on  economic  factors  and
market  availability.
© 2012 Elsevier B.V. Open access under the Elsevier OA license. . Introduction
Feedlot is one of the systems used in the sheep industry
o increase productivity, as it has positive effects on carcass
uality and meat supply in the off season; however, feed-
ng is responsible for a large percentage of the production
ost, and the success of this operation depends on the avail-
bility and cost of feed (Prado et al., 2000). The majority of
oncentrate rations consists mainly of soybean meal as the
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Open access under the Elsevier OA license. protein source, and due to the high cost of soybean meal,
alternatives that can replace this ingredient are needed.
The industry produces large amounts of by-products,
and the use of these by-products in animal feed may
provide an alternative to reduce production costs. Inactive
dry yeast (IDY – Saccharomyces cerevisiae)  is avail-
able mainly in regions producing alcohol from corn
or sugarcane. World-wide alcohol plants commonly
use yeast to induce alcoholic fermentation process.
Recovered yeast after fermentation are subjected to
a spray dryer process, which inactivate yeast and
promotes an instant drying. IDY has a very ﬁne tex-
ture and contains approximately 35% crude protein
(Valadares Filho et al., 2010). IDY currently presents
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Table 1
Chemical composition and proportion of ingredients in the experimental
diets, expressed on a dry matter basis for lambs fed with inactive dry yeast.
Ingredients Experimental diets (%)a
0 33 67 100
Corn silage 40.00 40.00 40.00 40.00
Corn grain 43.00 43.00 43.00 43.08
Soybean meal 14.60 9.73 4.87 –
Dry yeast – 4.87 9.73 14.60
Urea/SA 0.70 0.91 1.11 1.32
Wheat meal 0.70 0.49 0.29 –
Mineral mixtureb 1.00 1.00 1.00 1.00
Chemical composition of diets (%)
0 33 67 100
Dry matter 60.05 60.28 60.81 61.17
Organic matter 95.25 95.04 95.19 95.32
Crude protein 15.24 15.74 15.64 15.53
Ether extract 2.28 2.16 2.14 2.08
NDFapc 28.99 29.41 28.01 27.38
ADFd 15.94 15.92 15.54 15.14
Lignin 2.59 2.63 2.51 2.48
Mineral matter 4.75 4.96 4.81 4.68
NFCe 49.37 48.56 50.40 51.52
TDNf 77.00 79.30 81.36 75.50
a Percentage of substitution level of soybean meal for inactive dry yeast.
b Composition per kg of product: zinc (600 mg), sodium (78 g), man-
ganese (200 mg), cobalt (1.8 mg), iron (300 mg), copper (35 mg), sulfur
(31  g), selenium (1.5 mg), magnesium (4 g), iodine (8 mg), chromium
(3.5 mg), molybdenum (45 mg), calcium (30 g), ﬂuorine (210 mg)  and
phosphorus (21 g).
c Neutral detergent ﬁber corrected for ash and protein.
d Acid detergent ﬁber.
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prices compatible with soybean meal mainly because
non-ruminant nutrition use this by-product as a lysine
source (Ramos et al., 2011); however, the growing demand
for renewable fuels tends to bring prices of IDY more attrac-
tive for using in ruminant nutrition.
Due to the high protein concentration of IDY, several
studies were conducted to evaluate the use of dry yeast in
non-ruminant animal diets. However, studies on the uti-
lization of this by-product as an alternative protein source
for ruminants are still scarce. The present study aimed to
evaluate the intake and nutrient apparent digestibility, the
pH and concentrations of ruminal ammonia nitrogen, the
nitrogen balance, the productive performance and the meat
quality of Santa Ines lambs fed diets containing different
substitution levels of soybean meal by IDY.
2. Materials and methods
2.1. Experimental location and climatic conditions
The experiment was  conducted at the Animal Laboratory of the Ani-
mal  Science Department, Federal University of Vic¸ osa, located in Vic¸ osa
city, Minas Gerais, Brazil, from December 2009 to March 2010. The cli-
mate is characterized by hot, humid summers and cold; dry winters, with
an  average annual rainfall of 1200 mm and average annual temperature
of approximately 21 ◦C. The procedures for humane care and handling of
the animals followed the guidelines of the Federal University of Vic¸ osa.
Surgery and care with cannulated animals were performed according to
the  code of ethics for animal experiments of the Animal Science Depart-
ment.
2.2. Experimental diets
Isonitrogenous diets (15.5% CP in DM)  were composed of four substi-
tution levels of soybean meal by IDY: 0, 33, 67 and 100% on a DM basis. The
forage:concentrate ratio was  40:60, in DM basis, using corn silage as a for-
age source. The proportion of ingredients and the chemical composition
of  the experimental diets are given in Table 1.
2.3. Experiment 1: animals, handling, measurement and sample
collection
Four rumen-ﬁstulated entire male Santa Ines lambs were used with an
initial average weight of 25.6 ± 3.1 kg, distributed in a 4 × 4 Latin square,
housed in individual metabolic cages for in vivo digestibility tests. The
diets were fed twice per day, at 8:00 a.m. and 4:00 p.m. The amount of feed
was  calculated to allow feed refusals of 10% at least. During the experi-
mental period, the weights of the supplied feed and the refusals were
recorded daily.
Each of the four experimental periods lasted 17 days, with 10 days for
adaptation to the diets and 7 days for data collection. From the 11th to
the 16th day of each experimental period, feces, urine, feed supplied and
refusals were collected.
Total urine collection was  performed every 24 h, using an 8 L plastic
bucket with 30 mL  of sulfuric acid (1:1) to prevent urine nitrogen losses by
volatilization and possible fermentation. Samples of 60 mL  taken from the
total volume collected were placed in plastic bottles and stored in a freezer
at  −18 ◦C for subsequent analysis. A composite urine sample was  obtained
by  collecting 10 mL  of urine per day from each animal, for a total of 60 mL  at
the end of sampling. Each animal was ﬁtted with a synthetic leather bag
for  total feces collection. Samples representing 10% of the total weight
were removed for analysis. The silage fed to the animals was sampled
three times per week and stored in a freezer at −18 ◦C. Concentrate was
sampled once per week.
On day 17 of each experimental period, ruminal samples were col-
lected via ﬁstula prior to the morning feeding and 2, 4 and 6 h after feeding.
The samples were ﬁltered in a double-layer gauze-like fabric for the deter-
mination of the pH and ammoniacal nitrogen (NH3–N). Aliquots of 60 mL
of  ﬁltered ruminal ﬂuid with 1 mL  of sulfuric acid (1:1) were placed in
a  polyethylene bottle and stored in a freezer at −18 ◦C for subsequent
NH3–N analysis. At the end of each experimental period, the samples ofNon-ﬁbrous carbohydrates.
f Total digestible nutrients.
the feed, refusals and feces were thawed, and each sample was subjected
to  pre-drying at 60 ◦C for 72 h.
2.4. Experiment 2: animals, handling, measurement and sample
collection
For this experiment, 36 entire male Santa Ines lambs were used with
an  initial average weight of 20.2 ± 0.5 kg, distributed in a randomized
block design with four treatments and nine replicates. The experiment
lasted 78 days, divided into three experimental periods of 21 days, after
15  days of adaptation. Four reference animals were slaughtered at the
end  of the adaptation period to estimate the initial carcass percent of LW
(yield) for the batch of conﬁned animals. The animals were weighed at
the  end of the adaptation period after 16 h of solid fasting and every 21
days without fasting. The ﬁnal animal weighing was performed after 16 h
of  fasting.
The diets were fed twice per day, at 8:00 a.m. and 4:00 p.m., as in
experiment 1. The same procedures as in experiment 1 were used to
collect samples of the supplied feed and the refusals. At the end of the
experiment, the samples were thawed and each sample was subjected to
pre-drying at 60 ◦C for 72 h, ground in a Willey mill ﬁtted with a 1-mm
sieve and stored for subsequent laboratory analysis.
At the end of the experiment, all of the animals were slaughtered
according to the code of ethics for animal experiments of the Animal Sci-
ence Department, Federal University of Vic¸ osa. The carcasses were chilled
at  4 ◦C for 24 h. After cooling, the left half of the carcass from each animal
was  sectioned between the 12th and 13th ribs to evaluate the rib eye
area (REA) and subcutaneous fat thickness. The longissimus dorsi muscle,
located in the left half of the carcass, was  completely removed, and the
appropriate samples were separated for analysis of the shear strength,





















































y8 L.D.A. Ruﬁno et al. / Small Ru
.5.  Chemical analyses, instrumental measurements and carcass
haracteristics
The processed samples were analyzed for dry matter (DM), min-
ral matter (MM),  nitrogen (N) and total ether extract (EE) as described
y  AOAC (1997). The measurements of the acid detergent ﬁber (ADF)
nd neutral detergent ﬁber (NDF) were taken according to the methods
escribed by Mertens (2002), and the corrections for ash and protein in
he NDF (NDFap) were made according to the methods of Mertens (2002)
nd Licitra et al. (1996), respectively. The non-ﬁbrous carbohydrates (NFC)
ere calculated using the equation proposed by Detmann and Valadares
ilho (2010). The total digestible nutrient (TDN) was calculated using the
quation proposed by Weiss (1999).  After thawing and homogenizing, the
rine samples were analyzed for N. The N balance (NB) was obtained by
ubtracting the amount of total N excreted in the feces and urine from the
otal nitrogen intake. Ammonia nitrogen determination in the rumen ﬂuid
amples was  performed according to the colorimetric method described
y  Chaney and Marbach (1962).
The carcass yield (CY%) was calculated as the percentage ratio between
he hot carcass weight and the ﬁnal live weight (FLW) under fasting. The
arcass average daily gain (CADG) was calculated using the equation:
ADG (kg/day) = [(FLW × CY%/100) − (ILW × RCY%/100)]/n, where FLW,
LW, CY, RCY, and n mean, respectively, ﬁnal live weight after fasting
kg), initial live weight after fasting (kg), carcass yield obtained after
laughter of the animals at the end of the experiment, carcass yield
elated to the reference slaughter animals and the number of days of
ssessment.
To measure the REA, a transparent plastic ﬁlm was  placed on the sur-
ace of the meat section, and the muscle shape was  drawn with a pen.
ext, a copy of the transparent ﬁlm was made on paper with a known
rea and weight. The shape on the paper was then cut and weighed on
 precision balance to obtain a cross-sectional area of the muscle with
EA  = (sample weight × paper area/paper weight). Carcass pH and tem-
erature measurements were taken after slaughter and skinning (initial
H) and after 24 h of refrigeration (ﬁnal pH), using a pH and tempera-
ure meter with an electrode penetrating into a 2–4 cm deep cut made
n the longissimus dorsi muscle of the left half of the carcass. At this
ime also was  measured the subcutaneous fat thickness, using a Caliper
ule.
Staining indexes were determined using the CIELab system
L* = lightness, a* = redness and b* = yellowness) in a calibrated portable
olorimeter (ColorQuest II Sphere, HunterLab, VA, USA) with an obser-
ation angle of 10◦ , illuminant A and without UV ﬁlter. The color
aturation, c* = (a2 + b2)1/2, was calculated from the indexes a* and
*. These parameters were obtained from the average of six con-
ecutive readings taken at different points on the 2.5 cm thick steak
emoved from the longissimus dorsi muscle thawed under refrigera-
ion (−5 ◦C) and oxygenated for 30 min  at room temperature before the
eadings.
To perform the shear strength analysis, a 2.54 cm thick steak was
emoved from the longissimus dorsi muscle and roasted in preheated oven
180 ◦C). After reaching an internal temperature of 71 ◦C, the samples were
emoved from the oven and cooled in a refrigerator overnight at 2–5 ◦C.
ive homogenous cylinders of 1.27 cm in diameter were removed from
ach steak using a sharp stainless steel sampler, parallel to the muscle ﬁber
able 2
ean values of dry matter intake (DMI) apparent nutrient digestibility coefﬁcient
east  in lamb diets.
Variables Yeast substitution (% DM)  
0 33 67 
DMI  (g/day) 734.8 803.9 643.9 
Dry  matter 75.8 78.0 79.3 
Organic matter 78.1 80.3 81.7 
Crude  protein 75.0 78.8 80.0 
Ether  extract 68.1 74.5 74.0 
NDFapa 57.7 61.7 63.1 
NFCb 91.1 91.7 92.6 
a Neutral detergent ﬁber corrected for ash and protein.
b Non-ﬁbrous carbohydrates.
c P-value for linear and quadratic effects of the model.Research 111 (2013) 56– 62
direction, avoiding the fat and connective tissue. The cylindrical samples
were sheared perpendicular to the direction of the muscle ﬁbers using a
Warner–Bratzler apparatus (G-R Company, Manhattan, KS, USA).
The thawing losses were obtained by weighing the frozen steak,
which was then thawed in a refrigerator overnight at 5 ◦C. After thaw-
ing, the steaks were weighed again, obtaining, through the relationship
between the frozen and thawed steaks, the percentage lost during thaw-
ing. The thawed steaks were roasted in a preheated oven, and after
reaching 71 ◦C, the steaks were removed from the oven and weighed
again to obtain the percentage of cooking loss, which was given by the
ratio of the thawed and roasted steak. The percentage of total losses
was  obtained using the relationship between the frozen and roasted
steak.
A  chemical composition analysis was performed to obtain the levels
of  moisture, crude protein, ether extract and ash of the longissimus dorsi
muscle. The samples were weighed before and after lyophilization for 72 h
to determine the moisture concentration. The crude protein, ash and ether
extract were determined according to AOAC (1997) protocols.
2.6. Statistical analysis
The data from experiment 1 were analyzed according to the following
model:
Yijk =  + Ti + aj + pk + εijk
where  and Ti is the ﬁxed parameters such that the mean for ith treatment
is  i =  + Ti; aj is the random effect associated with the jth animal; pk
is the random effect associated with the kth period; εijk is the random
error associated with the experimental unit with animal j and period k
that  received treatment i. The mean comparison between treatment levels
were performed using polynomial orthogonal contrasts (linear, quadratic
and cubic) using the PROC MIXED from SAS (version 9.1) with 0.05 as the
critical point for type I error.
The pH and ruminal ammonia results were analyzed using the PROC
MIXED procedure for repeated measures (Littell et al., 1998) with 0.05 as
the critical point for type I error. The model accounted for the effects of
treatments, hours and the interaction between them. Period and animal
were considered as a random effect. The data from experiment 2 were
evaluated by analysis of variance and regression using the GLM procedure
of  SAS (version 9.1) with 0.05 as the critical point for type I error.
3. Results
3.1. Experiment 1
3.1.1. Nutrient digestibility and nitrogen balance
The apparent NFC digestibility was  not affected bythe levels of IDY in the diet. However, a quadratic effect
(P < 0.05) of the yeast levels was  observed on the apparent
digestibility of DM,  OM,  CP, EE and NDFap (Table 2), with
estimated maximum value of 79.3, 81.7, 80.3, 75.5 and 63.6,
s as a function of the substitution levels of soybean meal for inactive dry
SE P-valuec
100 L Q
640.3 56.34 0.111 0.550
72.6 0.94 0.044 0.023
75.3 0.92 0.041 0.022
70.8 1.14 0.004 0.002
62.9 1.54 0.001 0.0002
52.1 1.74 0.073 0.039
90.3 0.47 0.741 0.066
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 functio
 = 13.484Fig. 1. Estimates of ruminal liquid ammonia concentrations (NH3–N) as a
dry  yeast in the concentrate according to the following equation: NH3–N
in  the diet and T = time.
respectively, for 44.0, 44.7, 44.1, 43.9 and 43.3% levels of
IDY.
3.1.2. Ammonia concentration and ruminal pH
An effect (P < 0.05) of the diet and sampling time was
observed on the concentration of ruminal ammonia nitro-
gen (Fig. 1), with an estimated maximum concentration of
ruminal ammonia nitrogen of 22.2 mg/dL, 2.28 h after feed-
ing. No effect was observed (P > 0.05) of the diets on the
ruminal pH.
3.1.3. Nitrogen balance
The ingested N, fecal N, urinary N, N balance (g/day)
and the ratio N retained/N intake (%) were not affected by
the levels of IDY (Table 3). However a tendency of linear
effect was observed (P = 0.09) for N balance. A tendency of
quadratic effect (P = 0.07) was observed for the relationship
N retained/N intake.
3.2. Experiment 2
3.2.1. Nutrient intake and productive performance
The intake of all of the assessed nutrients was  not
affected by the levels of IDY (Table 4) but the average daily
gain, carcass average daily gain, carcass yield and feed con-
version were not affected by the levels of IDY in the diets,
Table 3
Mean values for intake N, fecal N, urinary N, N balance and the ratio of N retaine
dry  yeast in lamb diets.
Variables Yeast substitution (% DM)  
0 33 67 
N intake (g/day) 18.1 21.5 16.4 
Fecal  N (g/day) 4.6 4.5 3.2 
Urinary N (g/day) 7.4 9.6 9.2 
N  Balance (g/day) 6.1 7.4 3.9 
N  retained/N intake (%) 30.2 34.5 22.5 
a P-value for linear and quadratic effects of the model.n of sampling time for each substitution level of soybean meal by inactive
9 + 0.0535Y + 2.9861T − 0.6560T2, where Y = percentage of inactive yeast
with average values of 203 g/day, 88 g/day, 44% and 4.7,
respectively (Table 5).
3.2.2. Carcass characteristics and meat quality
No effect was observed of the IDY level on the REA
(cm2), the relationship REA/10 kg of the carcass, the pH
at 45 min, the pH at 24 h and carcass ﬁnal temperature
(Table 6). The subcutaneous fat thickness (SFT) decreased
linearly (P < 0.05) with increased levels of IDY in the diet,
and a quadratic effect (P < 0.01) of the IDY was  observed on
the carcass initial temperature, with a maximum value of
37.3 ◦C for diets with 48.3% of dry yeast.
The indices a* (redness) and c* (saturation) and the ratio
a*/b* were not affected by the levels of IDY in the diets, with
average values of 18.1, 19.7 and 2.3, respectively (Table 7).
The L* (lightness) value decreased linearly (P < 0.05) with
increased levels of IDY, while the b* (yellowness) values
ﬁtted to a quadratic model (P < 0.05) with an estimated
minimum value of 7.5 for 63.3% of dried yeast.
Meat moisture concentration did not differ among
the diets, with an average value of 74.8. However, the
meat crude protein and ash concentration increased lin-
early (P < 0.05), while the intramuscular fat concentration
decreased linearly (P < 0.05) with increased levels of IDY
in the diets (Table 8). The different substitution levels of
soybean meal by IDY did not affect the shear strength
and the losses by thawing, cooking and total losses,
d/N intake as a function of the substitution of soybean meal for inactive
SE P-valuea
100 L Q
15.6 1.45 0.154 0.273
4.5 0.42 0.533 0.296
8.0 0.66 0.745 0.065
3.2 0.84 0.091 0.521
15.1 3.74 0.375 0.068
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Table 4
Mean values for nutrient intake as a function of the substitution of soybean meal for inactive dry yeast in lamb diets.
Variables Yeast substitution (% DM)  SE P-valued
0 33 67 100 L Q
Intake (g/day)
Dry matter 1009.2 897.1 1002.0 892.1 30.76 0.289 0.943
Organic matter 965.7 856.3 957.7 853.3 29.47 0.289 0.919
Crude  protein 156.8 146.0 156.5 144.3 4.74 0.471 0.961
Ether  extract 19.0 16.7 18.5 17.9 0.60 0.773 0.345
NDFapa 273.1 252.3 266.5 231.5 8.35 0.078 0.629
NFCb 523.7 449.6 526.9 472.2 16.61 0.549 0.677
TDNc 777.1 711.4 815.3 673.5 24.69 0.211 0.489
Intake  (g/kg)
Dry matter 35.8 33.8 37.5 35.1 0.63 0.752 0.953
NDFap  9.7 9.5 9.9 9.1 0.17 0.353 0.421
a Neutral detergent ﬁber corrected for ash and protein.
b Non-ﬁbrous carbohydrates.
c Total digestible nutrients.
d P-value for linear and quadratic effects of the model.
Table 5
Mean values for average daily gain (ADG), carcass average daily gain (CADG), carcass yield (CY) and feed conversion (FC) as a function of the substitution
of  soybean meal for inactive dry yeast in lamb diets.
Variables Yeast substitution (% DM)  SE P-valuea
0 33 67 100 L Q
ADG (g/day) 199.7 197.1 225.4 191.2 7.27 0.996 0.283
CADG  (g/day) 87.4 82.8 97.9 84.2 3.72 0.877 0.537
CY  (%) 44.0 43.2 43.9 44.3 0.29 0.418 0.250
FC 5.1  4.5 4.5 4.7 0.11 0.266 0.072
a P-value for linear and quadratic effects of the model.
Table 6
Lamb carcass characteristics as a function of the substitution levels of soybean meal for inactive dry yeast.
Variables Yeast substitution (% DM) SE P-valueh
0 33 67 100 L Q
SFTa (mm)  2.58 1.44 1.56 1.57 0.14 0.035 0.044
REAb (cm2) 10.0 10.4 10.7 10.5 0.31 0.601 0.616
REA/10 kgc 6.72 7.48 7.51 7.56 0.14 0.076 0.278
pH  45 mind 7.16 7.14 7.11 7.13 0.02 0.519 0.617
pH  24 he 5.86 5.84 5.78 5.86 0.02 0.613 0.116
T◦ initialf 35.60 36.80 37.20 32.20 0.24 0.568 0.001
T◦ ﬁnalg 0.96 0. 67 0.86 0.72 0.09 0.483 0.667
a Subcutaneous fat thickness.
b Ribeye area.
c Ribeye area for 10 kg of cold carcass.
d pH at 45 min.
e pH at 24 h.
f Initial temperature.
g Final temperature.
h P-value for linear and quadratic effects of the model.
Table 7
Characterization of lamb meat color as a function of substitution levels of soybean meal for inactive dry yeast.
Variables Yeast substitution (% DM)  SE P-valuea
0 33 67 100 L Q
L* (lightness) 42.0 41.9 40.8 40.4 0.32 0.035 0.772
a*  (redness) 18.3 18.0 17.1 18.4 0.18 0.913 0.249
b*  (yellowness) 8.1 7.7 7.4 7.7 0.09 0.081 0.042
c*  (saturation) 20.0 19.6 19.3 20.0 0.18 0.817 0.147
a*/b* 2.2  2.3 2.4 2.4 0.03 0.095 0.357
a P-value for linear and quadratic effects of the model.
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Table 8
Chemical composition of lamb meat as a function of substitution levels of soybean meal for inactive dry yeast.
Variables Yeast substitution (% DM)  SE P-valuea
0 33 67 100 L Q
Humidity (%) 74.71 75.02 75.00 74.79 0.21 0.916 0.429
Crude  protein (%) 19.53 19.85 19.82 20.46 12.15 0.024 0.518
Intramuscular fat (%) 3.91 2.92 2.94 2.85 0.15 0.014 0.056
Ash  (%) 1.16 1.15 1.18 1.19 0.01 0.049 0.956
a P-value for linear and quadratic effects of the model.
Table 9
Shear strength and losses by meat exudates as a function of substitution levels of soybean meal for inactive dry yeast in lamb diets.
Variables Yeast substitution (% DM) SE P-valuea
0 33 67 100 L Q
Thawing losses (%) 2.74 3.05 2.97 2.85 0.26 0.921 0.669
Cooking losses (%) 34.81 34.65 36.86 34.93 0.56 0.916 0.318
39.50
4.15Total  losses (%) 37.77 38.59 
Shear  strength (kgf/cm2) 3.74 3.67 
a P-value for linear and quadratic effects of the model.
observing average values of 3.9 kgf/cm2 and 2.9, 35.3 and
38.2%, respectively (Table 9).
4. Discussion
4.1. Experiment 1
4.1.1. Nutrient digestibility and nitrogen balance
The quadratic effect of the IDY on the digestibility
coefﬁcients of DM,  OM,  CP and NDFap observed in this
study is most likely due to the numerically lesser dry
matter intake (DMI) of diets with greater levels of dry
yeast. Probably the animal variability prevented the aver-
age DMI  to reach the threshold of signiﬁcance. Freitas et al.
(2011), in a study with goats fed different inclusion lev-
els of yeast, also observed a quadratic effect of yeast levels
on the digestibility of DM,  OM,  total carbohydrates and
NDF.
4.1.2. Ammonia concentration and ruminal pH
Ammonia nitrogen in the rumen is a product of
microbial protein degradation, of hydrolysis of the diet
compounds or endogenous non-protein nitrogen and of
microbial cell degradation (Merchen, 1988). Due to the
high ruminal degradability of yeast protein compared to
soybean meal (99% vs. 79% of RDP) (Marcondes et al.,
2009), we observed in this study that the greatest IDY
values used to substitute for soybean meal resulted in
greater ruminal ammonia production. The concentration
of NH3–N is a consequence of the balance between
the production, absorption and utilization of NH3–N by
microorganisms
According to Hoover (1986),  pH values below 5.0–5.5
may  inhibit the development of cellulolytic microorgan-
isms in the rumen. In the present study, the minimum
pH estimated at 5.36 h after feeding was 5.95. Thus, the
observed pH values were favorable for the activity of
ﬁbrolytic bacteria and ﬁber degradation. 37.03 0.67 0.898 0.305
 3.98 0.14 0.303 0.655
4.1.3. Nitrogen balance
The lack of effect of the dry yeast levels on N intake,
which averaged 17.9 g/day, is most likely due to the high
animal variability, mainly when observing the N intake
in the 33% yeast treatment, which was  27% greater than
the 100% yeast treatment (Table 3). It should be noted
that no negative NB was observed for any diet, which
indicates that the protein intake met  the animal protein
requirements.
4.2. Experiment 2
4.2.1. Nutrient intake and productive performance
Lack of effect of IDY on the nutrient intake is most likely
due to the similar DM ingestion (Table 4) between the diets
and their chemical composition. Aguiar et al. (2007) tested
different inclusion levels of inactive yeast (0, 10, 20 and
30%) as substitutions for soybean meal and corn in lambs
diets and, conﬁrming the results in the present study, found
no effect of the levels of yeast on DM intake (% LW)  and
the DM,  OM,  CP and EE (g/day). Freitas et al. (2011),  work-
ing with goats fed IDY in substitution for soybean meal,
also found no difference in DM intake; however, unlike the
results found in the present study, those authors observed
a quadratic effect of the yeast on the OM,  CP, EE and NDF
intake. This result is pertinent because the replacement of
a conventional high-cost ingredient, such as soybean meal,
for a by-product, such as IDY, shows the possibility of using
new ingredients in ruminant diets. Thus, the decision to use
either ingredient will be based on cost and market avail-
ability.
4.2.2. Carcass characteristics and meat quality
The linear decrease in SFT with increasing levels ofyeast in the diet is most likely because inferior aminoacidic
proﬁle of yeast in relation to soybean meal. Methio-
nine and cystine are limiting aminoacids in IDY (Ramos
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icrobial growth and consequently reduce acetate produc-
ion. Acetate reduction probably could compromise the fat
eposition on carcass. The animals that received greater
evels of soybean meal, considering that in diets with 0%
east, carcasses had an average of 2.58 mm  SFT. This fat is
mportant for carcass classiﬁcation, in addition to acting
s an insulator, slowing carcass cooling and decreasing the
isk of shortening due to cold.
Humidity, crude protein and ash concentration of the
eat were found to be close to the average values reported
or lambs meat. According to Prata (1999),  lamb meat
verages 75% humidity, 19% crude protein, 4% fat and 1%
ineral matter. In the present study, the meat crude pro-
ein and ash concentrations increased with the increased
evels of dry yeast in the diets. Greater crude protein levels
ay  be related to subcutaneous fat reduction and, there-
ore, greater protein accretion rates in proportion of total
arcass. The meat crude protein:intramuscular fat ratio cor-
oborates the carcass muscle:fat ratio in this study.
The thawing and cooking losses were high in the present
tudy. Bressan et al. (2001),  working with Santa Ines and
ergamacia lambs of varying slaughter weight, observed
ooking losses of 28% of the longissimus dorsi muscle, below
he value of 35.3% found here. Weight loss during cooking
s an important measure of quality, as this weight loss
s associated with meat yields at the time of consump-
ion, while thawing losses, in addition to damaging the
roduct image in the face of consumer perceptions during
torage, may  also reduce the juiciness and tenderness of
he meat.
. Conclusions
IDY replacing soybean meal in lamb diets could open
 great market place to reuse a biofuel by-product. By-
roducts could reduce ingredient costs in ruminant diets,
ince feeding is responsible for a large percentage of the
roduction cost. IDY replacing 45% soybean meal in the
iets provides maximum nutrient digestibility. However
00% IDY in lamb’ diets could improve the carcass and meat
uality by reducing in particular the deposition of subcu-
aneous and intramuscular fat, which can encourage the
ostumers to improve health when consuming the prod-
ct. So, IDY can replace up to 100% of soybean meal in lamb’
iets, and the use of this by-product is dependent on mar-
et availability, mainly close to the alcohol plants that have
ugarcane as a primary source for fermentation. IDY usage
lso could help to reduce its disposal on environment, since
ow there is a market place for this compound. Further
esearch trials could test results of IDY in dairy goats.Research 111 (2013) 56– 62
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